ABSTRACT: The pelagic bacterial community composition of the summertime Chukchi Sea (coastal Alaskan Arctic) was investigated under varying particle concentrations. Free-living and wholecommunity assemblages were compared using PCR-amplified 16S rDNA with denaturing gradient gel electrophoresis (PCR/DGGE) alongside traditional geochemical and microbial inventories. Algal blooms were characterized by increased microbial abundance, decreased species richness, and decreased similarity between free-living and whole-community bacterial assemblages. Bacterial and viral abundance correlated positively with a bloom index identified by principle components analysis that included particulate organic carbon and nitrogen, total organic carbon, and chlorophyll a, but not dissolved organic carbon or inorganic nutrients. The species richness of the free-living community correlated negatively with microbial abundance; differences between free-living and wholecommunity assemblages correlated positively with viral abundance. Algal blooms may therefore increase microbial abundance while stimulating a succession of the bacterial assemblage to fewer free-living species and more specialized particle-associated bacteria. Such community-level shifts are very likely to impact the fate of carbon in high production and export regions like the coastal Arctic. We speculate about the importance of viral lysis to such a succession. 
INTRODUCTION
Bacterioplankton and virioplankton are known to be important components of polar aquatic communities. Substantial microbial activity is found in summertime Arctic waters (e.g. Cota et al. 1996 , Steward et al. 1996 , Wheeler et al. 1996 , where intense algal blooms form in areas of open water, such as leads and polynyas (Middelboe et al. 2002) , and under sea-ice (Maranger et al. 1994 ). Significant increases in bacterial and viral abundance, bacterial activity, and changes in bacterial community composition are observed coincident with algal blooms in the summertime Chukchi Sea (Yager et al. 2001) , where the highest values of bacterial biomass and production in the Arctic Ocean are reported (Rich et al. 1997) .
Although the mechanisms involved are uncertain, large spatial variations in bacterial community composition are observed in Arctic waters (Ferrari & Hollibaugh 1999 , Bano & Hollibaugh 2000 . Shifts in dominant bacterial species can occur seasonally (Pinhassi & Hagström 2000) or during marine algal blooms (Castberg et al. 2001 , Fandino et al. 2001 , Yager et al. 2001 . In non-Arctic environments, the richness of the bacterioplankton assemblage, defined as the number of bands resolved by PCR/DGGE, may decline over a season or during a phytoplankton bloom (Castberg et al. 2001) . Changes in bacterial community composition, marked by phylotype-specific mortality and the emergence of new phylotypes, are found during mesocosm phytoplankton blooms (Reimann et al. 2000 , Castberg et al. 2001 . Substrate concentration, bacterivory, and bacteriophage are also likely to impact bacterial community composition since they affect bacterial abundance and activity.
In a variety of aquatic systems, free-living bacterial assemblages differ from those that are particleassociated (Delong et al. 1993 , Acinas et al. 1999 , Crump et al. 1999 , Fandino et al. 2001 , Riemann & Winding 2001 . Free-living assemblages are often more diverse than particle-associated assemblages and their species richness can change with depth and trophic conditions (Acinas et al. 1999 . New particle-associated phylotypes appear in the >1.0 µm size fraction during peaks in phytoplankton blooms when bacterial production and enzyme activities are greater (Riemann et al. 2000) . In marine environments, particle-associated bacteria can be responsible for more than half of total bacterial production (Crump et al. 1998 , Lee et al. 2001 ) and particulate organic matter (POM) degradation (Becquevort et al. 1998 , Turley & Stutt 2000 . During the dense algal blooms of the Arctic summer, particle-associated bacteria are likely to become important agents of POM degradation (Huston & Deming 2002) and may trigger bacterial community succession (Wells & Deming 2003) .
To investigate the potential mechanisms behind bacterial community succession in the coastal pelagic Arctic, we examined differences in bacterial community composition between free-living and wholecommunity assemblages, bacterial and viral abundance, along with a suite of biogeochemical variables (chlorophyll a, nutrients, and total, particulate and dissolved organic carbon and nitrogen), in the Chukchi Sea (see Fig. 1 ) during late summer. We compared high versus low POM regions to test the hypothesis that increased organic matter concentrations and viral infection are important determinants of bacterial abundance and community composition in these Arctic waters. Principle components and correlation analyses were used to determine the most significant factors explaining variation in bacterial community composition and differences between free-living and wholecommunity assemblages.
MATERIALS AND METHODS
Sampling. Seawater samples were collected from the Chukchi Sea aboard the USCGC 'Polar Star' (Arctic West Science of Opportunity Cruise; August 2000) using a standard CTD rosette equipped with twelve 30 l Niskin bottles. The icebreaker would either sample through an existing opening in the ice, or make an opening large enough to sample through. We chose 5 stations (Fig. 1 , see also Table 1) to sample variable ice-cover and production regimes. Stns 1, 2, and 3 were on the Chukchi shelf with bottom depths of 45, 42, and 72 m, respectively; Stn 4 was on the slope with a bottom depth of 2189 m; Stn 5 was on the Beaufort shelf with a bottom depth of 145 m. We selected 3 sampling depths according to light intensity (percentage of surface irradiance, I o , as determined by Secchi disk depth): (1) 100% I o (surface), (2) 30% I o (typically the chlorophyll maximum), and (3) 1% I o (bottom of the photic zone).
Seawater chemistry. Duplicate seawater samples from separate Niskin bottles were analyzed for chlorophyll a (chl a; Holm-Hansen et al. 1965) , dissolved organic carbon (DOC; Skoog et al. 1997) Sigma; Porter & Feig 1980) ; Sokal & Rohlf 1995) were calculated between these scores and microbial variables.
Bacterial community composition. Two 10 l seawater samples were collected from separate Niskin bottles for each sampling depth. The free-living community sample was prepared by gravity filtration from the Niskin through a very large diameter (293 mm) Nuclepore polycarbonate membrane (3 µm pore size) to avoid clogging (no changes in the rate of filtration were observed during processing). The whole-community sample was not prefiltered. Community DNA was collected from these samples by pressure filtration through a sterile 0.22 µm Millipore Sterivex GV filter cartridge using a peristaltic pump. Excess water was expelled from the cartridge and 1.8 ml of TES buffer (50 mM Tris-HCl, 40 mM EDTA, 0.75 M sucrose) was added. Cartridges were then frozen at -80°C until analyzed by polymerase chain reaction/denaturing gradient gel electrophoresis (PCR/DGGE; Muyzer et al. 1993 , Murray et al. 1996 . Unfortunately, the cartridge from Stn 5 was accidentally thawed during a freezer failure before it could be processed.
Extraction and purification of DNA followed methods described elsewhere (Ferrari & Hollibaugh 1999 , Bano & Hollibaugh 2000 . Briefly, total community DNA lysate was obtained from the Sterivex units using lysozyme and Proteinase K treatments. DNA was purified from this lysate by sequential extraction with phenol/chloroform. The quantity and quality of purified DNA was assessed by electrophoresis of a portion of the extracts in a 1.5% agarose gel. Extracted DNA was amplified by PCR with the following primers: bacterial 356f with GC-clamp (CGC CCG CCG CGC CCC CGC CCC GTC CCG CCG CCC CCG CCC CCC TAC GGG AGG CAG CAG) and universal 517r labeled with fluorescein (5'-F ATT ACC GCG GCT GCT GG-3'). PCR products were precipitated with ethanol and quantified by the Hoechst dye assay (Paul & Myers 1982) .
Denaturing gradient gel electrophoresis was performed on a CBS Scientific DGGE System (Del Mar) on a 6.5% polyacrylamide gel containing a 45 to 65% gradient of denaturant (formamide and urea) according to methods described elsewhere (Ferrari & Hollibaugh 1999 , Bano & Hollibaugh 2000 . Wells were loaded with 24 µl of sample consisting of 7 µg of PCR product, 5 µl TE buffer, and 12 µl loading dye and run at 75 V for 15 h. PCR/DGGE amplicons from Clostridium perfringens (Sigma) and Bacillus thuringiensis (Sigma) genomic DNA were combined to create a marker and positive control. DNA banding patterns were detected and recorded digitally using an FMBIO II unit and software (Hitachi). Because of our choice of primers, which result in short 16S rRNA fragments, it is possible for a single band to represent more than 1 species. In our experience, however, most bands from this region do not contain multiple species (4 out of 30 tested; Bano & Hollibaugh 2002) .
Gel images were processed and analyzed with Molecular Analyst-Fingerprint Plus software (BioRad Version 1.12). Phylotypes, defined as bands that were recognized by the software, were noted and counted for each sample lane. Bands in each sample were scored present or absent at each position. Species richness was determined as the number of bands resolved by PCR/DGGE in 1 sample lane. The 54 bands in the 22 samples and 4 standards were ordinated with nonmetric multidimensional scaling (MDS), using the software package PC-ORD (McCune & Mefford 1999) . Prior to analysis, 6 bands were removed from the data set because they occurred in only 1 sample and would not aid in ordination. The MDS used the Sorenson similarity coefficient, was constrained to a 2-dimensional solution, and was run from 500 randomized starts to avoid local minima. The run with the lowest value of stress among these randomized starts was selected for analysis. The MDS distances between free-living and whole-community samples, which were calculated geometrically from Axis 1 and Axis 2 scores, determined dissimilarity. Significance in the difference of these distances, between high POM and low POM stations, was assessed by a t-test (Sokal & Rohlf 1995) . Cluster analysis (Dice/UPGMA) was used to generate a dendrogram of the similarity of banding patterns between lanes (samples) as described elsewhere (Ferrari & Hollibaugh 1999) .
RESULTS

Algal bloom indices
Physical conditions in the summertime Arctic varied over a relatively small range (Table 1) and did not gen-erally provide much explanation for the observed biological variability. Surface water temperature ranged from -1.3 to + 0.06°C and ice cover generally increased northward (Table 1) . Secchi depths were shallowest at Stns 2 and 3 (Table 1) ; Stns 2 and 3 also had significantly higher chl a (p = 0.02), TOC (p = 0.01), and POM (p < 0.01) concentrations than Stns 1, 4, and 5 (Table 2) . Stns were grouped into high POM and low POM stations accordingly (Table 2 ). POM decreased with increasing depth at high POM stations, but tended to be uniform or increase with depth at low POM stations. Large chl a maxima were observed near the surface at Stn 2 (4 m) and at greater depths at Stns 3 (16 m) and 1 (20 m) ( Table 2) . DOC concentrations did not differ significantly between high and low POM stations (p = 0.60), and were constant with depth except at Stn 1 where they matched the chlorophyll a profile (Table 2) . DIN and PO 4 3 -were typically reduced in surface waters at all stations and increased with increasing depth (Table 2) .
Nutrient concentrations in the nearsurface waters of high POM stations tended to be higher (although not as high as in deeper water), suggesting an ongoing bloom (sensu Yager et al. 2001 ) that had not yet depleted surface nutrients. Low POM stations tended to have low chlorophyll, but also showed depleted nutrient concentrations to greater depths, suggesting that a bloom had already taken place (rather than a pre-bloom condition). The chlorophyll concentration at Stn 1 was greatest at depth, suggesting that the bloom had sunk. Stn 1 therefore seems to represent an intermediate station between the high POM bloom Stns 2 and 3, and the low POM post bloom Stns 4 and 5. 3 -combined to explain 25% of sample variance with R-values of 0.876 and 0.771, respectively; (3) on PCA 3 , DOC explained 15% of sample variance with an R-value of 0.734. PCA 1 , therefore, represents the primary algal bloom index, reflecting the large increase in autotrophic biomass; PCA 2 reflects the decrease of inorganic nutrients during the bloom; PCA 3 represents a change in DOM during the bloom that occurred independent of the increase in biomass. Physical variables, when included in the PCA, provided no additional information; the first 3 axes were the same and variables such as depth, water temperature and latitude gave component loadings less than 0.70. The only exception was that light depth was a negative correlate (-0.719) of the inorganic nutrient axis.
Bacterial and viral abundance
Values for bacterial abundance ranged from 0.8 to 8.7 × 10 5 ml -1 (Table 2) . Values for VLP (0.1 to 1.7 × 10 6 ml -1
) were typically an order of magnitude higher than for bacteria, but correlated significantly (R = 0.824; Table 3 ). Both bacterial abundance and VLP were significantly higher at high POM stations (p = 0.004 and 0.002, respectively); bacterial abundance and VLP values were also higher at Stn 1 than at Stns 4 and 5 ( Table 2) .
The mathematical product of bacterial abundance times VLP (VB) ranged over 2 orders of magnitude from 10 10 to 10 12 ml -1 and was significantly higher at high POM stations (p = 0.002). Since the lytic infection of bacteria depends on their encounter rate with viruses, it therefore depends on the combined abundance of both populations. The theoretical lytic threshold, the point at which the concentration of bacteria and viruses is high enough to support bacterial lysis (VB = 10 12 ml -1
; Wilcox & Fuhrman 1994) , was reached at all depths at Stn 3, the surface at Stn 2, and at 1% I o at Stn 1 (Fig. 2) . Values for VB at other depths at Stns 1 and 2 were slightly below the lytic threshold, while those at Stns 4 and 5 were considerably lower (Fig. 2) .
The VB values at Stn 1 seemed to cluster with those for Stns 2 and 3, perhaps related to its more intermediate bloom status compared to the clearly post-bloom Stns 4 and 5.
Bacterial abundance, VLP, and VB were significantly correlated to the sample scores produced by PCA 1 , but not to those of the other axes (PCA 2 , PCA 3 ; Table 3 ).
Bacterial community composition
Bacterial community composition and richness differed between stations and POM regimes. Samples from the same station generally resembled each other more than samples from different stations at the same depth or light level, and low POM stations generally resembled each other more than high POM stations (Figs. 3 & 4) . Stn 2 clustered closer to the low POM stations than Stn 3, perhaps indicating that Stn 3 was earliest in the bloom progression. The number of bands, or species richness, identified in both whole community and free-living samples was greater at low POM stations; the number of bands common to both free-living and whole-community assemblages was also higher at ) with percent variance explained and their principle components. Correlation coefficients were calculated between PCA scores generated for sample and bacterial abundance (BACT), viral abundance (VLP), mathematical product of viral and bacterial abundance (VB), species richness (no. of bands) of each assemblage, and dissimilarity between whole-community (FLPA) and free-living (FL) assemblages (MDS distance). Correlation coefficients were also calculated for these same variables with bacterial and viral abundance. Bold indicates significant at α = 0.05; *Significance at α = 0.01; **PCA 1 R values for these variables are POC = 0.96, PON = 0.96, chl a = 0.93, TOC = 0.91 these stations (p < 0.01; Table 4 ). The MDS distance, a measure of dissimilarity, between free-living and whole-community assemblages from a given depth and station was significantly greater at high POM stations (p = 0.04; Table 4 , Fig. 3) ; at low POM stations, the whole communities did not differ as much from the free-living communities. No significant correlation existed between either species richness or dissimilarity and any PCA axis (Table 3) . Consistent with the t-tests, however, richness and similarity tended to trend negatively with POM. PCA 2 (DIN, PO 4 3 -) and PCA 3 (DOC) axes were not significantly correlated to any other variable (Table 3 ). The number of bands found in the free-living assemblage did correlate negatively with microbial abundance (bacterial abundance, VLP, and VB; p < 0.05) and MDS distance correlated significantly with VLP (p < 0.01; Table 3 ).
DISCUSSION
Arctic algal blooms
High POM concentrations are associated with high primary production since POM is often strongly correlated with chl a in Arctic seas (Guo et al. 2004 , Wang et al. 2005 . In contrast, DOC concentrations do not correlate well with other bloom indices, either because production mechanisms (e.g. Jumars et al. 1989 ) are slow or bacterial uptake is rapid (e.g. Yager & Deming 1999 , Yager et al. 2001 . Particles are an important source of organic matter to bacterioplankton in Arctic seas during summertime production (Ritzrau 1997 , Yager et al. 2001 . Increased particle-associated activity, depletion of nitrogen in POM, and increased extracellular protease activity observed in a summertime Arctic polynya suggests that particle-associated bacteria respond to POM at this time (Vetter & Deming 1994 , Huston & Deming 2002 . Particle-associated bacteria may therefore be responsible for observable changes in bacterial abundance and community composition during times of high particle production in summertime Arctic seas.
Bacterial and viral abundance
Increased substrate availability may explain the elevated values of bacterial abundance and VLP at ); data points above curve represent samples with combined abundance great enough to support encounter rates high enough for significant lysis (Wilcox & Fuhrman 1994) . Correlation between viral and bacterial abundance is also apparent (R = 0.908, n = 15) high POM stations. Although particle-associated bacteria cannot consume POM directly, they may be able to solubilize POM using cell-attached or cellfree extracellular enzymes (Smith et al. 1992 , Vetter et al. 1998 . Values for BACT, VLP, and VB were strongly correlated with the PCA 1 axis (POM/chl a; Table 2 ). Bacterial abundance often correlates with chl a (Cole et al. 1988 , Poremba et al. 1999 ) and POM (Kimura et al. 2001) . In contrast to other studies, we observed no significant correlation between bacterial abundance and VLP with inorganic nutrients or DOM (Carlson & Ducklow 1996) . Although the dynamics of bacteria and VLP can be temporally decoupled (Hennes & Simon 1995) , we found no evidence for control of bacterial abundance by viruses. An increase in VLP did not correspond to a decrease in bacterial abundance, as found in other studies in the summertime Chukchi Sea (Steward et al. 1996 , Yager et al. 2001 . The strong, positive BACT-VLP correlation we observed, as reported in other studies (Cochlan et al. 1993 , Maranger & Bird 1995 , Middelboe et al. 2002 , suggests that viruses are bacteriophages (Wommack et al. 1992 , Fuhrman 1999 ) with high production rates (Noble & Fuhrman 2000) . The strong positive correlation observed between VLP and the PCA 1 axis suggests that POM may indirectly influence VLP, probably by increasing the abundance of bacterial hosts. Table 4 . Bacterial community composition of whole-community (FLPA) and free-living (FL) assemblages at high and low POM stations shown as species richness (number of bands in PCR/DGGE fingerprints), number of bands common to both assemblages, and dissimilarity of whole community and freeliving DGGE fingerprints as distance between pairs in MDS.
Bold p values at base of each column represent significant differences between samples from low and high POM stations. nd: not determined
Bacterial community composition
Bacterial community succession and decreased richness is common during phytoplankton blooms (Riemann et al. 2000 , Riemann & Winding 2001 ,Yager et al. 2001 . The decreased richness we observed at high POM stations may be partially explained by the availability of particles produced by episodic blooms of phytoplankton or ice algae. As in other aquatic environments (Delong et al. 1993 , Acinas et al. 1999 , Fandino et al. 2001 , we found that free-living and whole-community bacterial assemblages were different in high primary production/POM stations in the Chukchi Sea. Unique particle-associated bacterial species often appear at times of high primary production in response to particles , Riemann & Winding 2001 . Decreased similarity between banding patterns of free-living and whole-community assemblages at high POM suggests that POM itself may be responsible for changes in bacterial community composition. Areas rich in POM may select for particle-associated bacterial species with specialized extracellular enzymes (Chróst 1991) and high cell-specific growth rates that have been shown to correlate with changes in bacterial community composition during an algal bloom (Fandino et al. 2001) . The decreased richness we observed at high POM stations may therefore have been due to changes in the freeliving assemblage, since particle-associated bacteria probably comprised a smaller fraction of the total sample (ca. 20%; Yager et al. 2001) .
Alternatively, the viral impact may differ in the 2 environments. Viral lysis of nonresistant bacteria at high POM stations in this study could be responsible for the observed shifts in bacterial community composition, as seen by the reduction in free-living species richness during high POM conditions. Lytic infection by virioplankton can also lead to changes in bacterial community composition (Fuhrman & Schwalbach 2003 , Middelboe et al. 2003 , especially when VB reaches a 'lytic infection threshold' of 10 12 ml -1 (Wilcox & Fuhrman 1994) , as found in high POM stations in this study. We observed a negative correlation between VB and the number of free-living bands. Lysis of bacterial hosts can release DOM, which can stimulate bacterial growth (Noble et al. 1999) , explaining the positive correlation between bacterial abundance and VLP (Bratbak et al. 1990 , Middelboe et al. 2003 . The high correlation between VLP and MDS distance, however, suggests that only part of the community was stimulated and some succession occurred. Dominant, nonresistant species are more likely to be infected and lysed (Fuhrman & Suttle 1993) because virioplankton are density-dependent (Wiggins & Alexander 1985 , Wilcox & Fuhrman 1994 ) and highly genus-and speciesspecific (Ackermann & DuBow 1987) . Lysis-induced DOM release may therefore stimulate the growth of resistant bacterial strains (Middelboe et al. 2003) leading to changes in bacterial community composition. Clonal diversity is shown to shift from phage-sensitive to phage-resistant clones in cultured phage-host systems (Middelboe et al. 2001) . Viruses may therefore reduce the abundance of nonresistant bacteria while increasing the abundance of resistant bacteria, thus changing species composition.
We speculate that the presence of POM may select for fast-growing particle-associated bacteria with cellsurface enzymes (Chróst 1991) that are susceptible to viral recognition. Although there is no evidence yet that viruses impact particle-associated bacteria to a greater extent than free-living bacteria (Simon et al. 2002) , we might expect that viruses are more likely to encounter their hosts on 2-dimensional particle surfaces than in the water column (Jumars 1993) . Since infection can be density-dependent (Wiggins & Alexander 1985 , Wilcox & Fuhrman 1994 , the hypothetical lytic threshold may be reached at the microscale. Viral lysis of nonresistant particle-associated species may initiate differences by producing DOM in close proximity to resistant particle-associated bacteria. This effect may be overlooked in large sample volumes.
Other hypotheses for the observed variation in species richness include links between bacterial diversity and algal diversity (Pinhassi et al. 2004 ). We were unable to make measurements on the nature of the phytoplankton community during this opportunistic cruise, but the area is typically dominated by centric diatoms (genera Chaetoceros and Thalassiosira) during August (Booth & Horner 1997) , with decreasing contributions of autotrophic flagellates as water moves north off the shelf. Certainly, a variable contribution of ice algal material sloughing off the melting ice into the water column could have influenced both algal and bacterial community structure (although ice algae are uncommon this late in the summer and were not observed to be significant). A more uniform composition of DOC during algal blooms might have also lead to a decreased richness of free-living bacteria. A methodological constraint could be that increased DNA content of a few species during the bloom may have lowered the resolution of the DGGE method (although we believe the dynamic range of DGGE is large enough not to be a problem). Finally, the Chukchi Sea is a region where several water masses are mixed together (Weingartner et al. 1998) . While the correlations are robust, causality due to a bloom progression is mostly speculation; our sampled variation could simply have been due to horizontal heterogeneity (e.g. Yannarell et al. 2005) .
Relevance of results to high-latitude carbon cycling
Polar oceans account for approximately 10 to 20% of the global oceanic carbon production (Behrenfeld & Falkowski 1997) and have elevated f (new:total production) and e (export:total production) ratios compared to temperate and tropical latitudes; this effect is thought to be due to the combination of low temperature and high production (Laws et al. 2000) . In an environment characterized by strong localized pulses of primary production, the response of microorganisms within the euphotic zone may determine the rate of carbon, nitrogen, and phosphate remineralization and also the fraction of total production that is exported from that zone (Wiebe & Pomeroy 1991) . High bacterial growth rates (Rivkin et al. 1996 , Rich et al. 1997 ) and a dynamic bacterial community composition (Yager et al. 2001 ) that differs between free-living and whole communities suggests that cold-adapted, particle-associated bacteria may be important in determining this high export fraction.
Settling POM in Arctic seas provides a source of food for benthic communities (Ambrose & Renaud 1995) and a means of sequestering carbon within the deep ocean. The efficiency of this biological pump, or the degree to which particles are remineralized along the way, depends largely on the activities and composition of microorganisms responsible for solubilizing the organic matter to a form that can be incorporated and then respired. Understanding the processes that transform particulate material, especially the degradation and remineralization of particles, is important in understanding this critical global flux. Azam and coworkers have long argued for a link between the scales of bacteria and larger issues such as particle flux and climate change (e.g. . Marine studies that determine microbial abundance, activity and community composition of free-living and particleassociated bacteria are therefore necessary to determine the efficiency of carbon sequestration in the ocean and its effects on the global carbon cycle.
CONCLUSIONS
Algal blooms in the summertime Chukchi Sea in 2000 were characterized by increased microbial abundance, decreased species richness, and decreased similarity between free-living and whole community bacterial assemblages. Bacterial and viral abundance correlated positively with a bloom index identified by PCA that included POC, PON, TOC and chl a (but not DOC or nutrients), but species richness and similarity were significantly reduced at the high POM stations. Algal blooms may therefore increase microbial abundance while stimulating a succession of the bacterial assemblage to fewer free-living species and more specialized particle-associated bacteria. Our data suggest that the mechanism for this succession could be increased viral lysis.
